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® Multiplexer gear arrangement for printer. 

@ A mechanically-actuated multiplexer (100) ar- 
rangement for a printer comprises multiplexer gears 
(102) with respective pinion gears (108) and initiation 
means which activate triggers (116) for initiating rota- 
tion of the respective multiplexer gear (102) for one 
rotation. 
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TECHNICAL FIELD 

The present Invention relates generally to Ink- 
jet printing, and, nr^ore particularly, to a thermal ink- 
jet printer having a user-facing sheet feed and 
return assembly with mechanical simplicity and ink 
drying capability superior to printers without addi- 
tional drying mechanisms and less expensive than 
printers with such mechanisms. 

BACKGROUND ART 

Hitherto, in the art of ink-jet printing, a common 
technique for feeding paper or other media to a 
printhead has involved the use of pinch or feed 
rollers which are specifically dedicated to the trans- 
ferring of paper from a paper tray to the area of the 
printer between the printhead and the paper sup- 
port member (platen) adjacent thereto. In this latter 
area, there is required an additional paper drive 
mechanism used to continue the trahsp)ort of the 
paper past the printhead and printing zone and 
onto a paper collection tray or the like. Indeed, 
often a third drive is used with respect to transport- 
ing the paper to the paper collection tray. 

Thus, the printer drive assembly requires a first 
drive mechanism for transporting paper out of the 
paper supply tray and a second paper drive 
mechanism for transporting paper past the prin- 
thead and into the paper collection tray. The re- 
quirement of multiple paper drive mechanisms 
adds to the cost and complexity of the ink-jet 
printer. 

In addition, such prior ink-jet printers must deal 
with the problem of ink drying, unless specially 
coated paper is employed. If no mechanism is 
provided for drying the ink. then, with the rapid 
output of paper, one sheet is placed in the paper 
output tray before the ink on the sheet underneath 
has had an opportunity to dry, thereby causing 
smearing of the print on the lower sheet. One 
common mechanism is to provide some sort of 
drying means, such as a lamp or heater. However, 
such a requirement also adds to the complexity of 
the printer, since a power source, lamp or other 
heating device, and associated apparatus must be 
provided. Such apparatus also adds to the weight 
of the ink-jet printer. 

It is desired to reduce the cost and complexity 
of the printer, while simplifying the components 
and their interactive association. 

DISCLOSURE OF INVENTION 

In accordance with the invention, an Ink-jet 
printer Is provided. The ink-jet printer comprises in 
associative combination: 



(a) a paper supply means for providing a supply 
of a medium to be printed; 

(b) a paper collection means for collecting print- 
ed medium; 

5 (c) means for conveying a sheet of the medium 
from the paper supply means to the paper col- 
lection means through a printing -zone; 

(d) a printhead mounted on a printhead -carriage 
adapted to move orthogonal to movement of the 

10 medium supported on a platen maintained in the 
printing zone; 

(e) means for creating a reverse bow in the 
sheet of the medium for directing the sheet in a 
plane parallel to the printing zone just prior to 

T5 entering the printing zone for maintaining flat- 
ness of the sheet; 

(f) means for pennitting ink on a previously- 
printed sheet of the noedium to dry during print- 
ing of the next sheet of the medium, including a 

20 pair of opposed support rails positioned above 
the paper collection tray and of a width sufficient 
to support the sheet of the medium during print- 
ing but less than that required to support the 
sheet of the medium upon completion of the 
printing; and 

(g) means for controlling the medium-conveying 
and the printing operations. 

The reverse bow is a change in direction of the 
sheet when the sheet comes off a drive roller and 
slides along the platen. This change in direction is 
caused by positioning the platen at an angle dif- 
ferent than the tangent of the paper drive roller in 
the print zone. 

A mechanically-actuated multiplexer Is pro- 
vided at least for initiating the conveying of the 
sheet from the paper supply tray to the print zone. 
The multiplexer includes a plurality of parallel mul- 
tiplexefr gears, each associated with a different 
function. Actuation of one such gear is accorh- 
plished by use of a trigger mechanism. The trigger 
is pressed upwardly by a follower through an 
appropriately-positioned interposer arm supported 
by the printhead carriage. Positioning of the inter- 
poser arm is provided by the control n^ans. 

The resulting ink-jet printer is easy to manufac- 
ture, has reduced complexity by eliminating com- 
ponents in the paper drive mechanism and by 
providing a novel paper drying apparatus, and is 
lower In cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 Is a perspective view of tiie novel ink-jet 
printer of the Invention; 
56 FIG. 2 is a view similar to that of FIG. 1, except 
that the top cover is removed, and a sheet of 
paper is shown during the printing operation 
prior to its tJeposit in the paper collection tray: 
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FIGS. 3a-d, in cross-section, depict the se- 
quence of paper handling, from paper pick fronri 
the paper supply tray to paper deposit into the 
paper collection tray; 

FIG. 4 is a front elevational view, partially broken 
away, of the paper drive train, including the 
paper drive motor, the paper drive roller, and 
the gear train used in the paper pick operation; 
FIG. 5 is a perspective view of a portion of the 
mechanically actuated multiplexer used in the 
practice of the invention, including a plurality of 
multiplexer gears and triggers associated there- 
with; 

FIG. 6 is a perspective view of engagement of 
the multiplexer depicted in FIG. 5 with a follower 
mechanism for actuating the muKiplexer gears 
of the multiplexer; and 

FIG. 7 Is a top plan view of portion of the 
assembly for actuating the multiplexer gears, 
including an interposer arm imounted on the 
printhead carriage. 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 

Referring now to the drawings wherein tike 
numerals of reference designate like eierr>ents 
throughout, an ink-jet printer is depicted generally 
at 10. The novel ink-jet printer is characterized by 
several features unique to ink-jet printing and in 
particular to thermal Ink-jet priming. 

The first unique feature is seen in FIGS. 1 and 
2. There, it will be observed that a paper input or 
supply tray 12 is provided in the front, or user- 
facing portion, 14 of the printer 10. The paper input 
tray 12 is configured to handle a substantial quan- 
tity of paper I6a or other medium for printing 
thereon. Also in the front 14 of the printer 10 is 
provided a paper output or collection tray 18. The 
paper output tray 18 is also configured to handle a 
substantial quantity of paper 16b. 

There are two features to be noticed with re- 
gard to the paper output tray 18. First, a ramped 
slot 20 is provided near the rear of the paper 
output tray 18, sloping downward from the top of 
paper tray rails 1 8a. This slot permits the introduc* 
tton of envelopes. Single sheets are simply placed 
on top of the input stack and the last sheet placed 
on the stack is the next sheet picked up. 

Second, a parr of opposed output rails 22 is 
provided above the output tray 18. These output 
rails 22 along with the platen 26 (visible in FIGS. 3c 
and 3d) support a sheet of paper 16c during the 
printing operation to permit the ink on the sheet 
16b underneath to dry. At the end of the printing 
cycle, when the sheet I6c is near the front I4a of 
the paper output tray 18. the platen 26 pivots 
down, eliminating the clamping of the sheet be- 



tween the platen and paper guide 27. The sheet 
16c then drops into the paper output tray of its own 
weight. Up until the completion of the printing cy- 
cle, the rear end of the paper is supported by the 
5 paper drive roller 24 and the platen 26 (shown in 
greater detail in FIG. 4 and discussed further be- 
low). 

The front portion 14 of the printer 10 is also 
provided with a control panel 28, which is elec- 

10 trically associated with a microprocessor 29 for 
selection of various options relating to the printing 
operation. Such control operations, provided by 
presently-available microprocessors, are well- 
known in the prior art and form no part of this 

fS invention. 

Simitariy. a provision is made for insertion of 
one or more print format cartridges 30. Such print 
format cartridges permit the operator to select one 
or more print styles or fonts in order to custonmize 

20 the printed output. Such print style selection is 
well-known and forms no part of this invention. 

Also shown in FIG. 2 is a printhead carriage 35. 
which travels on a guide rail 34 and paper guide 
27, and printhead 32 which is connected by a 

26 flexible electrical flat ribbon 36 to the microproces- 
sor 29. The microprocessor 29 controls motor 37. 
which provides movement of the printhead carriage 
35. The printhead 32 is specifically designed for 
this ink-jet printer, and utilizes thermal ink-jet print- 

30 ing technology. However, the printer could operate 
with other ink-jet printheads if the printhead car- 
riage interfaces are compatible, or with other car- 
riage configurations, further, reconfiguration of the 
printhead carriage 32 would permit the use of other 

35 ink-jet technologies, such .as piezoelectric. Such 
reconfiguration is within the capabilities of one 
skilled in the art. 

FIG. 3a depicts a gear train 38 used to trans- 
port paper 16a from the paper input tray 12 to the 

40 paper output tray 18 The gear train 38 is controlled 
by a paper drive motor 40 (shown in i^lG. 4) 
through a paper drive shaft 42. On the paper drive 
shaft 42 are mounted the drive rollers 24. 

The gear train 38 comprises ten gears 44-62 

45 which are arranged in such a fashion as to transfer 
rotary motion of the paper drive shaft 42 from gear 
44 thereon to a cam 64 associated with gear '62. 
The respective motions are shown in FIG. 3a; how- 
ever, for simplicity, the gear train 38 is not shown 

60 in FIGS. 3b-d. The arrangement of gears 44=62 is 
depicted in FIG. 4. The operation of the gear train 
is initiated by engaging a mechanical multiplexer 
100, the operation of which is descrifc)ed in greater 
detail below. 

65 The gear train 38 rotates the cam 64. which, to 
a first approximation, has a flat portion 66. Specifi- 
cally, the cam "64 has an approximate kidney ^an 
shape to allow the function of •bringing the paper 
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into position for picking a sheet 16c thereof and 
returning the paper to an initial position. 

To accomplish this nr»otion. the paper input tray 
12 comprises two separate portions, a paper sup- 
port 12a and a pressure plate 12b, disposed be- 5 
hind the paper support and generally In the same 
plane. The pressure plate I2b is spring-loaded with 
a spring 68. such as a pair of coil springs or leaf 
spring. When contacted by the full diameter of the 
cam 64, the pressure plate 12b of the paper input to 
tray 12 is maintained in the horizontal position and 
in the same plane as the paper support 12a, as 
shown in FIG. 3a. 

As the cam 64 rotates and the flat portion 66 
comes in contact with the top surface of the pres- 75 
sure plate 12b. the spring 68 forces the pressure 
plate upward, rotating about a fixed axial pivot 69. 
thereby permitting the rear edge 70 of the paper 
16a to be contacted by the paper drive rollers 24. 
as shown in FIG. 3b. 20 

A single sheet of the paper 16c is picked off 
from the stack of input paper I6a and is fed 
between the paper drive roller 24 and first pinch 
wheels 72 associated therewith. Corner separators 
(not shown), conventional in the art of single sheet 25 
feeding, are advantageously employed in permit- 
ting a single sheet of paper to be picked. However, 
other sheet-separating technologies rnay also be 
utilized. 

The sheet of paper I6c continues around the so 
rollers 24, between paper guide 27 and a second 
set of pinch wheels 76, onto the platen 26. where 
printing of the sheet 16c is done (the printing 
zone). 

The transition from the guide 27 to the platen 35 
26 results in a reverse bow of the paper 16c at 
point A (FIG. 3c). This reverse bow at A causes the 
paper 16c to lie flat along the platen 26 in the 
region that the printhead 32 passes over (the print 
zone A), thereby maintaining a constant and close- 40 
iy controlled gap between the printhead and the 
paper, which is required for ink-jet technology. The 
reverse bow is a change in direction of the paper 
when the paper comes off the drive roller 24 and 
slides along the platen 26. This change in direction 45 
is caused by positioning the platen 26 at an angle 
different than the tangent of the paper drive roller 
24 at point A. 

The reverse bow also causes the sheet 16c to 
bend transversly, thus preventin'g sheet bending so 
longitudinally, which would othenvise allow it to fall 
t>etween the rails 22. 

If the gap between the printhead 32 and the 
paper 1 6c is too small, the printhead will smear the 
print, while if the gap is too large, poor print quality 65 
will result. The gap limitations depend on the par- 
ticular printhead employed. For many printheads, 
the gap is likely to be in the range of about 0.020 
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to 0.050 inch. 

The gap between the printhead 32 (not shown 
in FIGS. 3a-d) and the paper 16c is kept constant 
over a range of media thickness, and preferably 
does not exceed about 0.030 inches for the printer 
disclosed herein. Use of a deformable material for 
the platen 26 to make it somewhat compliant per- 
mits slight deformation thereof to accommodate 
thicker paper and to maintain the desired narrow 
gap. 

It will be appreciated that the shape of the cam 
64 is selected to pemnit a sheet of paper 16c to 
enter into the guide-roller assembly. The condition 
must be met such that paper is picked properly 
and fed through the first set of pinch rollers 72 
before the pressure plate 12b starts down. The 
paper stack size variable must be taken into ac- 
count so that under all conditions, the above is 
met. The length of the paper is immaterial, since a 
sensor (not shown) senses both the top and the 
bottorri edge of the paper. Finally, the cam "64 
rotates through one complete revolution each time 
it is acutated by the mechanical multiplexer 100. 

The paper 16c being printed rides along iiie 
top of the rails 22 until printing is completed. It will 
be appreciated that the width of the rails -22 is 
sufficient to support the sheet of paper 16c during 
printing, but insufficient to support the sheet upon 
removal of the support provided by the platen 26. 
The width of the rails 22 is selected to permit 
overlap thereof by a sheet 16c in the range of 
about 1 /8 to 3/8 inch on each fail. 

At the completion of printing, the platen 26 
pivots downward, as shown in FIG. 3d. The pivoting 
of the platen 26 is controlled through a second 
gear train 80. As with the cam 64, this gear train 80 
completes one cycle each time it is actuated by 
the mechanical multiplexer 100. 

The loss of support and reverse bow at the 
rear of the sheet of paper I6c is enough to cause 
the sheet of paper to fall of its own weight into the 
paper output tray 18, where it comprises output 
paper sheet 16b. During the time of printing, the 
ink on the sheet of paper I6b previously printed 
has been drying, and by the time the next printed, 
sheet 1Bc falls of its own weight, the lower sheet 
has completely dried, thereby avoiding smearing of 
the ink thereon. Thus. It will be appreciated that no 
drying mechanism, with its associated parts and 
power requirements, is required in order to dry the 
ink of a just-printed sheet of paper. 

The paper drive roller is segmented, compris- 
ing a plurality of wheels 24 disposed along the 
paper drive shaft 42. The segmented drive roller^4 
pertorms two functions: first, It is able to pick paper 
from the input stack 12 as well as drive paper 
around to the print zone at A. and second, it allows 
the platen 26 to pivot after ^printing a page, since 



4 



EP 0 534 500 A2 



the platen fits in between the drive roller segments, 
as shown In FIG. 4. 

Advantageously, the segmented drive roller 24 
comprises three wheels, one near each side of the 
medium 16. offset about 1/2 to 3/4 inch to provide 
a buckle zone, and one in the center, thereby 
allowing the platen 26 to extend between the 
wheels 24 to provide the reverse bow. Also, the 
wheels 24 can be used to pick a sheet off the 
paper supply; a buckle zone Is needed to pick 
such a sheet. This arrangement is to be compared 
to use of a solid paper drive roller customarily 
employed in the art. 

The wheels 24 conveniently comprise a syn- 
thetic rubber material, suitable for driving paper. 

Associated with each wheel 24 is a first pinch 
wheel 72 for gripping a sheet of paper 16c picked 
from the stack of paper 16a. Also associated with 
each wheel 24 is a second pinch wheel 76. 

The pinch wheels 72, 76 comprise a compliant 
foam rubber. The pinch wheels 72, 76 hold the 
paper 16c against the paper drive rollers 24 as it 
traverses the neariy 180^ around the drive roller. 
The middle pinch wheel 76 is set behind the other 
two in order to hold the paper to the drive rollers in 
a region close to an out of paper sensor (not 
shown). 

The paper drive train is shown in FIG 4, com- 
prising the paper drive motor 40 mechanically 
coupled to the paper drive shaft 42 by a gear train 
78. Three paper drive roll wheels 24 are disposed 
along the paper drive shaft 42. 

The downward pivoting of the platen 26 (shown 
in FIG. 3d) is controlled by an arm (not shown) on 
pivoting platen support 79 which contacts an offset 
pin (not shown) on .a pivot gear (not shown). The 
pivot gear is coupled to the mechanical multiplexer 
1()0 by a gear train 80. 

The multiplexer 100 employed herein interacts 
with three gear trains, a gear train 38 for feeding a* 
sheet of paper with the drive wheels, a gear train 
80 for pivoting the platen 26, and a gear train 82 
for activating a pump (not shown] for priming the 
printhead 32. 

The following description of the multiplexer 
100. shown in FIGS. 5 and 6. is directed to the 
associated parts that interact with one gear train. It 
will be appreciated that the associated parts that 
interact with the other gear trains are identical, and 
to the extent visible, are labelled with identical 
numerals,but different letters (e.g.. 100a. 100b, 
100c). 

The multiplexer 100 has three multiplexer 
gears 102a-c. Each multiplexer gear 102 has a 
cutout 104 in the teeth 106 which prevents engage- 
ment with a multiplexer pinion gear 108. A detent 
<}etail 110 allov\rs an arm 111 of a multiplexer 
spring 112 to hold the multiplexer gear 102 in 



place. A hook detail 114 on the gear mates with a 
hook portion 115 on a trigger 116. thereby allowing 
the trigger to rotate the multiplexer gear 102 and 
meshing the multiplexer gear with the multiplexer 
5 pinion gear 108. 

Three triggers I16a-c each have a hook detail 

115 which mates to the hook portion 114 of the 
corresponding multiplexer gear 102. The trigger 

116 has a lower ledge 118. the upper surface 120 
70 of which allows a follower 122 to push the trigger 

into a down position, and the lower surface 124 of 
which allowis the follower, via open portion 125, to 
slightly lift the trigger, which rotates the multiplexer 
gear 102 such that the cutout 104 and detent 110 

76 are property positioned. The trigger 116 also has 
an upper ledge 126 which is used by an interposer 
arm 128 to lift the trigger and start rotation of the 
multiplexer gear 102. 

The multiplexer spring 112 is provided with 

20 three arms 111, which are engaged in the cor- 
responding detents 110 in the multiplexer gears 
102a-c. 

The multiplexer pinion gear 108 comprises 
three gear segments 130 to mate with the cor- 

25 responding multiplexer gear 102. Associated on the 
same axis as the multiplexer pinion gear segments 
130 are two offset cam pins (not shown) which 
support the follower 122. The pinion gear 108 is 
coupled to the paper drive motor 40 through the 

30 paper drive shaft 42. 

The follower 122 comprises two support arms 
136, 138 which rest on the offset cam pins pf the 
multiplexer pinion gear assembly 108. The follower 
122 is also provided with a guide ledge 140 for 

35 supporting the interposer arm 128. Finally, the fol- 
lower 122 has three sets of ledges to mate with the 
top and bottom surfaces 120. 124 of the lower 
ledge 1 1 8 of the trigger 116. 

The interposer arm 128 is mounted on the 

40 printhead carriage 35, as shown in FIG. 7, and 
comprises an end effector 144. which transrnits the 
motion of the follower 122 to a trigger 116 when 
the end effector is placed under a trigger, as 
shown in FIG. 6. The interposer arm 128 also 

45 includes a spring 146 to allow the end effector 144 
to pass in front of the triggers 116a-c if the follower 
122 is at the top of its motion. 

In operation, the interposer arm 128 is iDlaced 
under a trigger (here, 116a in FKa. 6; 116b in'FIG. 

50 7). Such placement is achieved by moving the 
printhead carriage 35 to the appropriate position, 
under control by the microprocessor 29. 

The trigger 115a is lifted, causing multiplexer 
gear 102a to rotate. The rotating multiplexer gear 

55 102a meshes with the multiplexer pinion gear -seg- 
ment 130a. 

The interposer arm 128 is removed 1by moving 
the printhead carriage 35 laterally). 
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The multiplexer gear 102a rotates for one revo- 
lution. During this time, the follower 122 pulls the 
trigger 116a back into the "down" position. The 
cutout 104a on the multiplexer gear 102a causes 
the pinion gear 108 to stop driving the multiplexer 
gear 102a. The follower 122 In the "up" position 
lifts the trigger 116a to position the multiplexer 
gear 102a in the detent position to complete the 
cycle. 

As can be seen from the foregoing, any of 
three control features may be turned on mechani- 
cally, thereby eliminating the need for electronic 
control. The only electronic involvement is the' 
proper placement of the printhead carriage 35 by 
the microprocessor 29. Of course, more or less 
multiplexer gears 102 may be employed, depend- 
ing upon the number of functions it is desired to 
control. 

The relationship between the multiplexer 100 
depicted in FIGS. 5 and 6 and the gear trains 38. 
80, 82 is shown in FIG. 4. In FIG. 3a. the reference 
numerals in parentheses (102b and 108b) are in- 
dicated to show the relationship of the multiplexer 
gear 102 and pinion gear 108 to the gear train 38. 

INDUSTRIAL APPLICABILITY 
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means by controlling means. 

a The multiplexer of Claim 1 or 2, wherein said 
at least one multiplexer gear is provided with a 
cutout portion (104) to prevent engagement of 
said at least one multiplexer gear by said 
pinion gear, with a detent detail (110) adapted 
to interact with a multiplexer spring (112) to 
stop rotation of said at least one multiplexer 
gear after one revolution, and with a hook 
detail (114) for actuation by said trigger 
means. 

4. The multiplexer of any preceding Claim com- 
prising a plurality of multiplexer gears, each 
associated with a pinion gear. 



The novel single sheet ink-jet printer 10 of the 
invention is useful for a variety of printing applica- 
tions. ^ 

Thus, an ink-jet printer having reduced cost 
and complexity, and combining the paper moving 
operation into one mechanism and providing for 
adequate drying of sheets, is provided. It will be 
clear to those skilled in the art that several changes 35 
and modifications of an obvious nature may be 
made without departing from the spirit of the inven- 
tion, and all such changes and modifications are 
considered to fall within the scope of the invention 
as defined by the appended claims. ^ 



Claims 



1. A mechanically-actuated multiplexer means 
(100) comprising at least one multiplexer gear 45 
(102), a pinion gear (108) associated with said 
multiplexer gear, means for preventing rotation 

of said at least one muhiplexer gear until ini- 
tiated by initiation means, trigger mearis (116) 
for initiating rotation of said at least one mul- so 
tiplexer gear for one revolution, and initiation 
means for activating said trigger means. 

2. The multiplexer of Claim 1 wherein said initi- 
ation means includes a follower (122) asso- 65 
elated with a cam coaxial with said pinion gear, 

and means (128) adapted to be moved Into 
position between said follower and said trigger 
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